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(57) Abstract 

A method of discriminating nucleic acids by 
examining the presence or absence of variant genes in 
a nucleic acid, the ratio of normal genes to variant 
genes, or the identity among specified genes present in 
various samples, which method comprises amplifying 
a specified region of a target nucleic acid present in 
a specimen by the polymerase chain reaction using 
a primer bearing a detectable marker and a primer 
bearing a site capable of binding to a solid-phase 
carrier, conducting competitive hybridization by adding 
the resultant nucleic acid as a marker sample DNA in 
at least an equimolar amount to a non-marker standard 
DNA of which the identity with the sample DNA is 
to be discriminated, and then measuring the marker 
intensity of the product of hybridization. A testing 
set for discriminating nucleic acids according to the 
above method comprises a primer to be used for 
amplifying a target nucleic acid and comprising a primer 
bearing a detectable marker and a primer bearing a 
site capable of binding to a solid-phase carrier, and a 
non-marker standard DNA of which the identity with 
a gene amplified by the amplifying primer is to be 
discriminated. 
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^ (pH8.8)x 16.6mM (NHz^SCU 6.7mM MgCU lOmM 
©2-^;l/^^ , h^^y-^&y r 2Unit©Tth D N A ^ 
'J ^ 5 - £^*?5J&$§&*TtT# -3 /Co 94<C,5# 

is miX\M&> 94^,3 0 IK 50 < €,30fcK72 < t,60#<D1>->f* 
/I/-C 30 ift'D bfce C DNA j§ 

— ;frx TIE PB G - 1 - Bio (lOOng) K ^ TIB PG - 2 
- DNP (lOOng) <fc pBGN jjUWi pBGM (lng) * in > 
20 20 0^M<D4®<DdNTP #&T "C _hi5 <i: PCR 

PBG - 1 - Bio 
Biotin - 5'GGGTTGGCCAATCTACTCCCAG 

25 PG - 2 - DNP 



WO 95/020(58 



PCT7JP94/01106 



DNP-5'CAACTTCATCCACGTTCACC 

P B G - 1 - N H 2 
NH 2 - 5'GGGTTGGCCAATCTACTCCCAG 

PG - 2 - NH* 
5 NH 2 -5'CAACTTCATCCACGTTCACC 

pBGN 
pBGM 

6f§07 ^ ;WK-m&£.m (Glu (GAG) — Val (GTG) ) 
10 *#o:/5X5K 

tI^DNAigj&&tff£^DNA^$*0^iRS$lt±, 7 # o - 



«fl*DNA8J££KttDNA$«£*S-tf n zKfcjfrD*. 30 # 
l^tfco ;ni:20 x SSC (20 x SSC : 0.3M ^x>tt 
h»J«>A % pH7.0> 0.3M^{b^bU^A) 6 ^ 1 ^- jta ^. . 

fefc^JfiPn^tt (if-^;U^-r^7-PJ2000,^ o -+>i 
;l/T-tk) *ffl^T l < €/6~10#<D&<*T58 , €;i;-e&* 
lcfift*Ttf.fc. :©SlSiO^20/iUt^ « Hi lw 
JB^fc. U\ *IiI*DNA*«i:LtpBGNi:i&* 
t5fcO*ffl^, IlR»DNA**i:UTpBGN*l>li 
pBGMtC&^-f£&0X&M^©^3M'£^£J8^£o * 
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fc> #£»«¥DNA»tt£f!ltttt*rDNAJ&«fc©*Jfc* 

t % # * * & ft 1" * o 

h |CKDNP^«7>UgG -7 frii Utt7 * X "7 y * - -t?1g£ 
ft£3'i^l00#l©50mM M (pH7.5) > 0.15M 
io ©NaCK 0.05%©Tween20£flB;i5o Ctll^Wy'J 
^^■if-i/ 3 >^^20^1*]!inx.>MfP^x 2 5 T 30 # 

tz&, 4mg/ml©p- - h o 7 x-iMJ > ft £ £ t? 1 M 
x * y-^7;> (pH9.8) 0.5mM MgCl 2 £ 100 
is /fllD*x25^?ll*n»fefiJ£*fTtt-*fco ^©Hfe 
^405nm©iR^S'r^l/ - h 'J - ^ - £ fil </> T 8UJ 5£ L e 

ft is ^ /n >r ^ >r ^ - 3 > fi > i$ 2 # 0 * a - 7' r 

^2pDNA^?^> t*f*DNA »»©*&-& Jfc*£*.T* 
iDNAJ £ $fe tii L 0 ^^^^2{C^-r 0 



WO 95/02068 



PCT/JP94/01106 



m. - 2 



«(ipDNA 


(TO 




(A405) 


■ 

(pBGN 


£t (pBGN) 


20: 1 


0.120 


jES (pBGN) 
(pBGM) 


20: 1 


0.418 


(pBGM) 


20: 1 


0.988 


JES (pBGN) 


10 : 1 


0.202 


jEfc (pBGN) 
£S (pBGM) 


10 : 1 


0.511 


gfl (pBGM) 


10: 1 


1.068 


iES (pBGN) 


5:1 


0.369 


JEST (pBGN) 
&m (pBGM) tl£ 


5:1 


0.631 


g£M (pBGM) 


5:1 


1.150 



DNAio^^Jt^l : 20(rfi:s < k9iwM^}^^il^L^)o 

IC 75 T o 
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- 3 



10 



15 



20 




HDNA t ©H K *-*Kt 0.04 ©£ Lfr * < * M^©E 

t h c - H - ras jife^O 12#B© 3 K > 5GGC 
(Gly) -* GTC (Val) ©tfcfcB £ filT© <k 9 Kfftt o • - 
©*i£. TIE© PSK - 2*OttpKY-l tTEOPHR- 

© ft g £ ^ #J UObp © DNA»f)t*^lfeiwJB^fc 0 

TI5^7 ^ "7 - PHR ~ 1 ~ DNP Cl00ng)x PHR - 2 
- Bio (lOOng) £JB^ PSK - 2*UM*pKY - 1 (lng) 

KflDNA*«i: VfZo TE®^7^-PHR 
-l-NH 2 ,PHR-2-NH 2 -CpSK-2£ig«fLT#*I 



25 



PHR - 1 

5'ATGACGGAATATAAGCTGGTG 
PHR - 2 
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5'CTCTATAGTGGGGTCGTATTC 

PHR - 1 - DNP 
DNP - 5'ATGACGGAATATAAGCTGGTG 

PHR - 2 - Bio 
5 Bio - 5'CTCTATAGTGGGGTCGTATTC 

PHR - 1 - NH 2 
NH 2 - 5'ATGACGGAATATAAGCTGGTG 

PHR - 2 - Nit 
NH 2 - 5'CTCTATAGTGGGGTCGTATTC 

pSK - 2 

jE3?rasitfciP£J#'07 0 5XS K (T.Sekiya.Gann, 
74,794 (1983), JCRB (Japan Cancer Research 
Resources Bank) ek K> A^^T 
pKY - 1 

12#i©3 F>i:jgR©*«^5X5 K* (M.H.Kraus 
and Y.Yuasa, Nature, 303, 775 (1983), JCRB (Japan 
Cancer Research Resources Bank) <t !} A$ "T 



10 



15 



20 



7K**D^T3O//IiL/rt>0ir x 20xSSC^6//l*PX.s 

/s j ? y y 4 m - >s b y I* 2 * © f- a - 7* t ft ^ N 



25 
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«- 


4 






TYMA feifc 
DIN A »fft 


Jt ^ 


MS 

(A405) 






3 : 20 


0.122 


iE * 

(pSK-2) 




3:20 


0.338 




3: 20 


0.575 



Slitter ©H^*«iE1l<r»*^ -2FC« 



n & * » »ij -r * - t # 

[£JKfl|3] 

lOtf^HTs jESDNACSttiOtHDNA (#> 

!5 L fc 0 



25 



iEtDNA i It t l> c - H - raslls^ ( p S K - 2 ^ 
liDNAHtt bc-H-rasitfe : f©12# 
gtcGGC (Gly) -*GTC (Val) <D^M#&£fc*>® (pKY 
- 1 ^Ifl^t, If DNAI^U^IDNAO 

# 0 % . 5%. 10%. 25%. 5 0 % > 1 0 0 % fC /<£ S «fc 



ETJ CI 
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10 



- 1 - DNP^O*irPHR-2-Bio©2S©^7>r v - £ 

JE^DNA C»LT PHR - 1 - Nftifetf IC PHR - 



t> N ftm&M& DNA &fB$i t fz o 

DNA DNA »« t £&$*© 

DNA® J E^Jt* < 20 : 1 IC fc 5 «fc ? KM*§$£*££1-'n 
, fco ^m^^5fC^1"o tfcs jEHTDNAICttLTKADNA 

©«^j&<ioo960*'&©!ft#£*i£^ * ti -e n © it £ 

- 5 



15 



20 



jEttitfeWaf* * DNA ®* 

0% 
5% 
1096 
25% 
50% 
100% 



WtSL (A405) 



0.045 



0.079 



0.101 



0.146 



0.304 



0.563 



25 



DNA 10 %g&© t> © T t> £B nTtlT 5 
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® turn® # z^&t i,^ 



immm 4] 





t N CFTR iSfE-? (Cystic Fibrosis Trasmenbrane 
conductance Regulator gene) l*^B£1££l$i£E© 



25 



CFTR©*!**^^®?©*: * © itfc : F 

*fcs C ©ftfi-f lw * £ ft -5 ^M© "5 7 *ij<i> 508 # 
@ © 7 * ^ ;l/7 5 - > # ^ tl L *: t> © £ > ZtlMft 

\z h & < ©M©^©^**^ £ ft"C *»' 5 - *©& 
©i^^^^J'il^t - ^©tt&afc^M^rt&^IEIita^ 

i:o^tti*tTft-5fci!i^ cftJKft©X*iwOt,>Tfc 
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10 



15 



20 



c III ifc * ft 14 Z d t (* RTti"C* £ 0 & K > #H2& 

- 6 



exon 


^ A <D U U 


exon4 


621 + 1G > T 


exonlO 


AF508 


exonl 1 


G551D 


exon21 


N1303K 



+ V > 4 <D & 

*y>4IC#«i"*ft*ttfc*J*l*621 + lG>Tfc* 

621 + 1G > TOttti £Tf£ 



$ K (CF04P101.CF04M101) K 



CF04P101 

5'ATTGTGAGGACACTGCTCCTACACCCAGCC 
CF04M101 

5'TACGATACAGAATATATGTGCCATGGGGCC 



25 
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PCR&fc J:3*£*§fcU CF04P101-OH (lOOng) y CF04M101 
-OH (lOOng) trVT'l'-htttlEtb h 1 
g£J8^> 200 fi M©4«©dNTP#£T> 100 a* l©67mM 
h U X-*£l£lgSr$ (pH8.8)> 16.6mM (NHASO^ 6. 

5 7mM UgCh, lOmM ©2 - > V J - ^ZSlO* 2Unit 

© T t h DNA#>J > U - X £ ^ E Cfc $ "C fr ^ *: 0 SIS 

|i-94 < C>5^F^ilD-Mv-94 t C,30#> 60'C.30tK 72°C, 

6 0 f3> © if >f ^;l/T35IfiIi^*)35L^o 

gJ^I^7^D-Xt^iit^lb> jf$ 230bp©75 
io ^j*>h£*§fc 0 C ft£ pUC119 © Smal sited^AL 

tz a mmmmzmw. pex4n <t ufc 0 

^^itfe : f{i±EpEX4N^-f h i U ±iSCF04P101, 

CF04M101RCJ c TECF04621P,CF04621M©4@©y 

7 >f overlap extention mutagenesis 
is & C£$U Gene, (1989) 77 , 5 1 - 5 9 , S t e f f a n N.Ho 

et al.) 621 + 1G >T© 

CF0462 1 P 

a, GATTTATAAGAAGTTAATACTTCCTTGCACAG 

CF04621M 
AAGTATTAACTTCTTATAAATCAAACT 

25 ^«||j|«*DNA©afittJKT©«k^lwtT<i:ofco 
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CF04P101-NH, (lOOng) CF04M101 - NH 2 (lOOng) 
<i:±fepEX4N (lng) £ffl<<^ *EKft©l»t|^fc 

gi^^DNAIi, CF04P101-Bio (100ng)s 
5 CF04M101-DNP (lOOng) £ JB ^ v 
lEfjt : pEX4N lng 

flifcdte--? a-**** : PEX4N 0.5ng 

pEX4M 0.5ng 

ti&l&fc* ©IS^^^H : pEX4M lng 
£ 7^ > 7 U - hi LTPCR*(R*tf*^W»Lfco 

|t*DNA*«RtfK«DNA*« + ©*<B*tt* 7#d- 



10 




15 



nn-DNAfe'Mt 2Of&S©«St£DNAJ&ft*£;tfe0»J 1 © 



fcfrTfiftU* 98 < C.10£in*** l«C/10#©i§jgT68 
■C * {CiS^fcTtf c ©RCtv$© £ 20 /z 1 

CHIOS' iKlftf ViDNPOlIi*PI^CWt« 

7 o 



25 
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10 



15 



- 7 



mm 




(A405) 


• 

jE # 

(pEX4N * 


jEHt (pEX4N) 


0.11 


]ES (PEX4N) 
(pEX4M) M-g 


0.70 


&m (pEX4M) 


1.87 



i + v y 10 © & 2 

V > 10 KH UTIi. tBS* S A F508 



TECF10P101-OH (100ng),CF10M101 — OH (lOOng) 
£ t K&feftDNA (1 // g) *ffl^ N HiT^ii 0 "C PCR *t 

pexion^#^ 0 



2 o CF10P101 - 

5'GATTATGGGAGAACTGGAGCCTTCAGAGGG 

CF10M101 - 
5'CTTCTAGTTGGCATGCTTTGATGACGCTTC 



±faCF10P101 -OH.CF10M101- OH i TfS 



1 • 
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CF A F508U.CF A F508L t O 4 ®© 7" 5 >f v - Rtf pEXlON 
£-r ;/ 7 U> - h £ bT overlap extention mutagenesis 
| C j;D % A £ 7? * ^ KpEX10M*» 



CF A F 508U 
5'AAATATCATCGGTGTTTCCTATGA 

CF A F508L 
5'CACCGATGATATTTTCTTTAATG 



10 



15 



20 



f&f*3|4DNAi*. CFIOPIOI-Bio (lOOngX CF10M101 



- DNP (lOOng) ^^7^f 7-H> 
IE?£ : pEXlON lng 

ftiftiifc*© — : PEXlON 0.5ng 

pEXlOM 0.5ng 

ft&Mfc? <E>n~J3lfi9L¥k : PEXlOM lng 

«m^^DNA(i. CF10P101 - NH 2 (lOOng) .CF10M101 
_ N H 2 (lng) RtfpEXlON (lng) PCRigipg 



25 



JiCa* y > 4 KM** ® £ R*©ifcfip*f?tt i^n **** 
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^ip DNA Wfc 


KlftDNAfctt 
(83ft) 


(A405) 


jE s 

(pEXlON 4*) 


lES (pEXlON) 


0.14 


iE^ (pEXlON) 
g£M (pEXIOM) 


0.89 


&m (pEXIOM) 


1.74 



V > 11 O^I 
x * V > 1 1 IC H- U T 14 n G551D*tf;l/i Uto 



TIBCF11P101 - OH (100ng),CFllM101 - OH (lOOng) 
&tfbh3H-fe#DNA (ljag) x+y>40»-& 

7* S FCiAU jESitfe^^^-rsy^X $ KpEXllN 

15 £ # ^ o 

CFUP101 - 
5'GAAGGAAGATGTGCCTTTCAAATTCAGATTG 

CF11M101 - 

a, 5'ATGACATTTACAGCAAATGCTTGCTAGACC 

±ECF11P101 - OH.CF11M101 - OH £TiE 
CF11 - 551P - OH.CFl 1 - 551M - OH to 4 H © 7 
5 •< ^-&U : pEXllN&T- hi It overlap extention 

zs mutagenesis^^ «t 0 s G551D j^o / 7 X ; K 



WO 95/02068 
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/ 



pexum zn-fro 

CF11-551P- 
5'CACTGAGTGGAGATCAACGAGCAAGAATTTCT 

CF11 - 551M - 
5'GCTCGTTGATCTCCACTCAGTGTGATTC 

^*m**DNA CF11P101 - NH 2 (lOOng) .CFM101 
-NH 2 (lOOng) RtfpEXUN (lng) £ffl^> PCRit 

0g lw «fc DilL/fc, 

«t**4DNA t±. CF11P101 - Bio UOOngK CFM101 

- DNP (lOOng) Stf 
IE : pEXHN lng 

tt&fefc* ©-##XJ* : PEXIIN 0.5ng 

pEXllM 0.5ng 

^jistfe-? ©Il#*<f££ : pEXllM lng 
^y>4{CP|-rS^>CD<i:I^filiwbTx *t ^ P © *ft ft * ft 

ti,fc c *©&iJII£^9 ic^to ^9 ic^t $ nt ^ -5 «fc -5 K > 



25 
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- 9 



(M 


TODNA&& 


(A405) 


IE « 
(pEXllNlfefc) 


JEff (pEXHN) 


0.08 


jE# (pEXllN) 
(pEXHM) 


0.48 


(pEXHM) 


0.90 



y > 21 ICJI UT tt* N1303K<D^M£^-f,rt/<!:U 



10 o 

TIE CF21P101-OH (lOOng) .CF21M101 - OH (lOOng) 
t h^feftDNA (1 # g) ^ffl^liifj&^^&K&l^ iE 
S3tfc^£W-r -5 7^ * ^ K pEX21N fc» 

is CF21P101- 

5'AGAGAACTTGATGGTAAGTACATGGGTGTT 

CF21M101- 
5'TTAGCAGCCTTACCTCATCTGCAACTTTCC 

20 ±ECF21P101 - OH.CF21M101 - OH&O'T 

ISCF21 - 1303P-OH.CF21 - 1303M - O H 0 4 ® © 
7-SU J pEX21N^f b t LT overlap 

extention mutagenesis & IZ «fc 0 > N 1303K^M£ 
^F-p/7X ; K PEX21M £*#fco 



* 



« 1 
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CF21 - 1303P - 
5'CATTTAGAAAAAAGTTGGATCCCTATGAACA 

CF21 - 1303M - 
5'GGGATCCAACTTTTTTCTAAATGTTCCAG 



10 



#****DNAH\ CF21P101 - NHz (lOOng) ,CF21M101 
-NH 2 (lOOng) pEX21N (lng) PCRi# 

m lw cfc Oifc. 

Mfc&mDNAttx CF21P101-Bio (lOOng). CF21M101 
- DNP (lOOng) & 
JEHU : pEX21N lng 

tt&ite^ ©-##^11 : PEX21N 0.5ng 

pEX21M 0.5n£ 

is W##£J* : p E X 2 1 M lng 

^1/ - h t IT P C R if ipg K «fc 5HIlfcc 



20 



9 ic . N 3 aoilfe^ S £ ^ $S ESU-r 5 c t & v # fc o 



25 
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- 10 



10 





«#DNA*« 


pi 
(A405) 


IE ^ 
(pEX21N 4515) 


IES (pEX21N) 


0.20 


(PEX21N) 
(PEX21M) m& 


0.51 


(pEX21M) 


1.16 



[XiNS] 



U y 7 



IS 



x* y ;/ 10 ©— SB* * > 7 s A £ 

©##* n^n© 5* ^jsic'cct* ©Be?iJ£&#iwW lti> 

£ o 



#M88»DNA^ 



AGG 3 ' 
TCC* 



DNA 



20 



25 



DNA © 
+ y > 1 0 * ffl T > 



o* * n * ffl ^ fc 



® p U C - S f i / S t u © f 
5' - OH - G ATC AGGCCT A A A AGGCCT 



> I 
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5' — OH - GATCAGGCCTTTTAGGCCT 
ton* *) * * 9 K** K£ 5pmol *7 - - U - 
n*pCU119*BamHIt?«Wb*:fe© (lOOng) K#A 

l, te*iir***h a> -eastispuc - sn/stu 



5 zwk 



ABamHI Sfil ABamHI 




■ • » 



(1) 



pUC - Sfi/Stu - EX 10 ©t$ 
Tf£CF - 10 - LigU (100ng),CF - 10 - LigL (lOOng) 
£ ft ^ , pEXlON (lng) >^l/-^ttPCR 

J: Oi^l9Obp0®fK-^lfiIJRbfco C*i* SfittK bfcJiiS 

K P uc - sfi/stu k*a L> ^^E^J^m^ U> TieftJP! 

mm&M (2) n * puc - sfi/stu - exio 



CF - 10 - LigU 
5'0H - TTTAGGCCTAAAAGGCCTGATTATGGG AGAACTGGA 

CF - 10 - LigL 
5'0H - CCCAGGCCTTTTAGGCCTCTTCTAGTTGGCATGCTT 
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ABamffl 
Sfil 



ABamHI 




Sfil 



ExonlO 




StuI 



(2) 



10 



15 



® p U C — E X 1 0 L i g © M M 
pUC-Sfi/Stu-EXlO 300/zg&SfilTtfJ8frU. & 



: 077^ > F2]ttg<!: Sfil« LfcpUC - Sfi/StulOng 
£ ij y >f i/ a y (Ligation) Is ^iiDH5 ^-f Ife^ 

Tffi*l)RB*#*0 (3) T?^S ft* pUC - EXIOLig $ft 
^ o :®^7^ S K & StuI (AatI) -r^Jifr^-illJ; 



20 



Hindi; 



EcoRI 




• • • 



(3) 



DNA t t TfflllAi 



25 



UC - EXIOLig £ 

SiafcttttDNAtts CF10P101 - Bio (lOOngK CF10M101 
- DNP (lOOng) &E^> f- > 7° 1/ - h <t L T ^ 



5 
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iE# : pEXlON lng 

: PEXlON 0.5ng 
pEXlOM 0.5ng 
ftftitfci 1 OS^I^H : PEXlOM lng 

#«f»SH£ DNA lis TIB (a) - (d) & ffl O o 

(a) CF10P101 - NH2 (lOOng), CF10M101 - NH 2 (lOOng) 
£tfx>7l/-h<i:LTpEX10N (lng) &fflt>> PCR& 

(b) pUC - EXIOLig * StuI (AatI) r« Bf L fc *> © 

(iB*RM4B (3) #JR) t>© 0 

(c) pUC - EXIOLig £ StuI (AatI) T *J K U fc © 
(±SE*IR#*ifeB (3) * T # n - X 

T ^tU x* v > 10 * * tr Hf * « * *> ©o 

(d) pUC-EX10Lig*EcoRI-HindDIT«lKLfc*> 

o c±e*ir***h (3) 



10 



15 



20 
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- 1 1 







a 


b 


c 


d 


JEft (pEXlONgtffc) 


0.07 


0.14 


0.15 


0.84 


m (pEXlON) 

$m (pexiom) }I& 


0.28 


0.38 


0.33 


0.81 


g£M (pEXlOM) 


0.74 


0.86 


0.72 


0.78 



10 



IS 



20 



DNAI*> (a) © PCR&K J: *> mWL L fc t> © £ B*©l&* 
£ i§- x. rt: «, — # % (d) ©&©!*> ^fAlcotii^fct 



U *> © 



n «: ^ o 

£X±(D z tit. ■? ? x i K ± 9 y 7 s a \z 

pllg-C* « C t UTO So tfcx MlWDNABtl 



25 



©W&©&i*K IE ftr » IS + £ 
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f|;$i©$Sffi 

5 #cl(f*^|B**tt*»A Ufc 7* 4 t - £ 6 tt * i tt 
^^f[DNA tt5i*i:^ !«m DN A £©^-1££!&BlJL 

iz^nnmo dnaip^wdna t u ±ck**dna 

15 S^m©^SU^^c 

2.1*$* DN A ton — U rt: C^^tffc© DNA ^ D a n 

i«lior7^7-*ffl^fclfi^iS (PCR&) ir i 

0 IS £ *l ^ t>©TfeS^^©|gffl^l^iE^©i^S!l^'^o 
3.f$J|4 DNA tom — ^^^MLtzl^^U^ODNAm^a 

4.&ft + © B &&®©#£^&#&lia&&3§l£©^B3£fc 
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